Progress is reviewed for a research program whose purpose is to provide a fundamental understanding of the applications and consequences of selected advanced processing techniques to high performance alloys. The research ranges from modeling studies of the fracture of alloys containing porosity to the high temperature deformation of rapidly solidified, dispersion-strengthene titanium alloys. Many aspects of the research are also fundamental studies of fracture utilizing engineering alloys containing processing-induced defects -) (1) the influence of void/pore distributions on ductile fracture; (2) the effect of porosity on low cycle fatigue;' (3) hot isostatic pressing of metallic powders; (4) deformation of rapidly solidified Ti alloys at elevated temperatures; and (5) the combined effect of stress state and grain size on hydride-induce( hydrogen embrittlement.. 
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performance alloys. Fabrication of rapidly solidified alloys requires extensive processing, which is usually based on powder metallurgy techniques.
It should be noted that powder metallurgy is also being used as a new method of reducing component cost in fabricating complex-shaped components from high performance alloys.
5,6
An underlying problem in high performance alloy technology is that the rate of applying the new processing methods to these alloys exceeds the development of the basic understanding necessary to predict the resulting component behavior in service. Thus, service reliability may be impaired. A specific concern is that these materials can contain processing-induced defects, such as porosity or inclusions, which can seriously degrade service reliability especially with regard to fracture. Thus, the primary purpose of the present research is to provide a broad-based understanding of the The presence of porosity is frequently a problem in alloys which have been cast, processed by powder metallurgy techniques, or welded. In addition, wrought alloys typically contain large intermetallic phase particles which crack and form voids at small strains when fracture of the matrix is still remote. In either instance, the deleterious influence of pore and/or 2. The diameter of the holes also has the effect that decreases in both ductility (elongation to fracture) and strength (yield and tensile strengths) occur when hole size is increased.
3. The decrease in tensile strength with increasing area fraction of holes occurs in a manner consistent with data for porous P/M alloys;
see Fig. 1 . However, the dependence of ductility on the area fraction of holes by itself, is not as pronounced as porosity-effect data from bulk specimens; see Fig. 2 .
4.
Hole extension in the tensile direction occurs at a rate which is linear with strain. These data also show an eventual strain-induced accelerated hole growth among some but not all of the holes in the fracture path. 
-. III. An individual ligament between two holes fractures and creates a large elliptical hole which, due to its increased size and eccentric shape, tends to further localizes flow along its major axis.
IV.
A statistical problem arises as to whether or not a third hole exists in a favorable position with respect to the large elliptical cavity. Our previous studies of the influence of porosity on tensile fracture 12-13 , as well as the above modeling studies, indicate that porosity acts to trigger shear instabilities which localize flow within the ligaments between The dependence of fracture on flow localization between pores suggests that LCF, which in itself tends to localize slip, should be quite sensitive to porosity and that this sensitivity should depend on the strain hardening and cyclic stability behavior of the matrix.
The purpose of this research is to examine in detail the fundamental mechanism(s) by which porosity interacts with cyclic deformation and affects low cycle fatigue behavior. The program will be based initially on the low cycle stress-strain response of commercially pure Ti which is being used as a model material containing different pore "microstructures" and which will be The response of metal powders to the simultaneous application of temperature and pressure during hot isostatic pressing is a complex process diuring which particle rearrangement, plastic deformation, and creep occur.
Recently, a theoretical model 1 8 ' 19 has been proposed to predict densification on the basis of creep and plastic deformation mechanisms during hot isostatic pressing. For the plastic flow and creep mechanisms, the densification rates should be sensitive to the state of stress between particles; this in turn should be a function of the particle-particle surface contact area or contiquity of the powder compact.* Thus the theoretical model i8 ' 1 stainless steel is shown in Fig. 3 . These data, which are obtained for a wide range of HIP conditions (34-100 MPa pressure, 700*-900*C, and 3.0 x 102 to 3.2 x 10 4s), show very good agreement with Eq. 1, which is a basis for theoretical modeling of the HIP process. 18 ' 1 9 This study is also making direct comparisons between the HIP analyses and observed behavior. Relative Density D Fig. 3 . The observed and predicted dependence of interparticle contiquity C mas a function of the relative density of powder compacts subjected to HIP. Published research is confined to but a few tests 24 , and these indicate that while some strengthening occurs due to dispersion strengthening, the retention of strengthening to high temperatures may not be as good as expected. This appears to be the case for several experimental alloys being developed. 2 5 The purpose of this proposed project is to study in a fundamental manner the influence of temperature on the deformation and fracture of systems which model potential high temperature RS Ti alloys. The alloys, which are based on erbium additions, rely on oxide-dispersion strengthening combined with other sources of strengthening, such as solid solution hardening, to achieve good creep resistance. The model alloys consist of oxides dispersed in pure -alpha-phase matrix (CP Ti), solid-solution strengthened alpha-phase matrtx (Ti-6A1), and age-hardened plus solid solution strengthened alpha-phase matrix Moderately slow strain rate compression tests were used to assess the mechanical performance of the RS dispersoid-containing alloys. Parallel tests were conducted on conventional, powder fabricated C.P. titanium for comparison. Elevated temperature testing (300, 600, 700, and 7750C) was performed on an Instron testing machine equipped with specially designed compression fixtures which prevent specimen buckling. Flowing, high purity argon was used within a sealed atmosphere tube to prevent excessive oxidation of the titanium during testing. 
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Ti -6A -2Er to-, 10-3 102 Fig. 6 . A Dorn-type plot illustrating the results of the high temperature (600, 700, 7750C), slow strain-rate compression testing for CP Ti, Ti-2Er, and Ti-6A-2Er. The slope of these curves correspond to the Dorn equation stress exponent, n.
sliding may be a predominant deformation mechanism under these extreme conditions. This is further supported by the gradual decrease of the Dorn equation stress exponent, n (as defined by the slope of the curves of Fig. 6) , from a value exceeding 6 at lower temperatures to a value approaching 1 at higher temperatures. The possibility of grain boundary sliding is currently being investigated using microscopy. Commercially pure titanium is very resistant to embrittlement due to hydrogen when tested in the form of fine-grained specimens at low-to-moderate 26-28 strain rates in uniaxial tension.
It is well known that Ti becomes susceptible to hydrogen embrittlement in the presence of a notch, at low 26-31 temperatures or high strain rates, or large grain sizes.
As a previous part of this program, we have also shown a sensitivity to stress state with Ti sheets exhibiting pronounced hydrogen embrittlement in equibiaxial tension even though the loss of ductility in uniaxial tension is negligible. 3 2 ' 3 3 The purpose of this small project was to explore the combined effects of two of the above factors, grain size and stress state, on the hydrogen embrittlement of Ti. 34 The combined influence of grain size and stress state on the hydrogen embrittlement of Ti sheet is shown in Fig. 7 . Fig. 7 shows that there is very little, if any, effect of grain size on the ratio of fracture strain in equibiaxial tension to that in uniaxial tension for the uncharged Ti. In contrast, the loss of ductility in equibiaxial tension for the hydrogen-charged sheets is much more pronounced for the coarse-grain material than in the finer grained counterparts. Thus, the data in Fig. 7 indicate that the hydrogen embrittlement of Ti sheet at room temperature is most severe in coarse-grain material when subjected to equibiaxial tension.
That increasing either grain size (in uniaxial tension or biaxiality of stress state (at constant grain size) increases the severity of hydrogen embrittlemnt in hydride-forming alloys is known. hydride plate faces in both uniaxial and equibiaxial tension. Such faceting is most pronounced in the coarse-grain material tested in equibiaxial tension, indicating the enhancement of void link-up when both large, interconnected hydrides and a multidirectional tensile stress state are present.
In view of the above, we may summarize. Increasing grain size increases the susceptibility of Ti (and probably other hydride-forming alloys) to hydrogen embrittlement at high degrees of stress biaxiality/triaxiality. This effect appears to be a consequence of an enhancement of both void nucleation (due to hydride fracture) and void link-up at large grain sizes/biaxial stresses. Void nucleation should be enhanced as the large grains create conditions for large hydrides 2 7 ' 2 8 which in turn fracture and form voids at smaller strains at the large normal stresses required to deform plastically anisotropic (R and P>l) sheets in equibiaxial tension. 3 3 Void link-up should also be enhanced as the large interconnected and plate-like hydrides create paths for especially easy void link-up when subjected to the multidirectional major principal stresses in equibiaxial tension. These effects should be even more pronounced under triaxial states of stress, such as near notches or cracks, provided that the stress state is sufficiently long range to encompass several large grains/hydrides, thus permitting enhancement of both void nucleation and link-up.
